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POWER LINE COMMUNICATIONS DEVICE IN WHICH PHYSICAL 
COMMUNICATIONS PROTOCOL LAYER OPERATION IS DYNAMICALLY 

SELECTABLE 

CROSS REFERENCE TO RELATED APPLICATION 

5 This application claims the benefit of U.S. Provisional Application Serial No. 

60/532,098, filed December 23, 2003, assigned to the assignee of this application and 
incorporated by reference herein. 

FIELD OF THE INVENTION 
The present invention relates generally to communications over a power line 
1 0 communications ("PLC") network and, more particularly, to providing a physical 
communications protocol layer in a PLC transmitter and/or receiver device whose 
communications signal transmission modes of operation are dynamically selectable in 
view of characteristics of a conventional electric power distribution network on which 
communications is performed and communications protocol requirements for the PLC 
1 5 network. 

BACKGROUND OF THE INVENTION 

With the continuing development of and advances in power line 
communications technologies, it is expected that power line communications ("PLC") 
systems eventually will be installed on electric power distribution networks or grids 

20 existing throughout the world. 

It is well known in the art that an electric power distribution network, which is 
composed of conventional electric power lines and wires and associated power 
transformer. equipment, can operate to convey electricity along the electric lines and 
wires having voltages from about 90 VAC to 20 KVAC and frequencies from about 40 

25 Hz to 400 Hz. The physical communications protocol layer component of PLC 

transmitter and receiver devices that form a PLC system, therefore, must operate in 
relation to the ranges of voltages and frequencies associated with the electric power 
distribution network on which the PLC devices are installed to ensure that 
communication over the PLC network is maintained robust. 

30 In current PLC transmitter and receiver devices, the physical communication 

protocol layer is designed to operate according to the characteristics of the electric 
power distribution network for which installation of the PLC device is planned. In 
some PLC transmitter and receiver device implementations in areas of the worid 
where the physical network topology is small in size and relatively free of 
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communication impairments, a liigh degree of spectral containment is desirable, in 
other words, PLC transmissions desirably occur utilizing the maximum available 
spectrum and also the maximum possible length of PLC transmission, which is 
commonly referred to as the symbol length, in other PLC transmitter and receiver 
5 device implementations, the PLC transmissions need to occur in the presence of 
impairments to communications, such as multi-path fading or reflections that place 
limitations upon the maximum available symbol length. In many current PLC system 
implementations, the PLC devices operate in accordance with standard OFDM 
communication principles conventional in the art, such as those included in the 

10 HomePlug 1 .0 communications standard specification, which is incorporated by 
reference herein. Still other PLC transmitter and receiver device implementations 
need to provide for compatibility with existing or legacy PLC equipment that operate in 
accordance with different communications protocol requirements. 

Therefore, there exists a need for a low cost physical communications protocol 

15 layer architecture for inclusion in a PLC transmitter and/or receiver device which 
provides for dynamic selection of a mode of communications signal transmission 
operation from a plurality of communications signal transmission operation modes to 
make the PLC device compatible with a plurality of PLC communications protocol 
requirements and also the characteristics of the electric power distribution network on 

20 which the PLC device is installed. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, a power line communications ("PLC") 
transmitter and/or receiver device includes a physical communications protocol layer 
module that dynamically, and preferably automatically, selects communications 

25 operation from a plurality of communications signal transmission modes having 

respective transmission data structures. The selecting is performed based on PLC 
communications protocol profile requirements and transmission performance 
characteristics of the electric power distribution network upon which the PLC device is 
installed. 

30 In a preferred embodiment, the physical communications protocol layer module 

operates in accordance with transmission modes corresponding either to a wavelet- 
based multi-carrier communication block transmission data structure or a standard, 
well known in the art OFDM communication block transmission data structure. In a 
further preferred embodiment, the physical layer module is operable to provide for 
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compatibility with the HomePlug 1 .0 communications protocol requirement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present invention will be apparent from 
the following detailed description of the presently preferred embodiments, which 
5 description should be considered In conjunction with the accompanying drawings in 
which like references indicate similar elements and in which: 

FIG. 1 is a block diagram illustrating exemplary, prior art physical 
communications protocol layer ("PHY") components included in a power line 
communications transmitter and a power line communications receiver of a power line 
10 communications system. 

FIG. 2 is a block diagram of a PLC transmitter and a PLC receiver in a power 
line communications system, where each of the PLC devices include PHY layer 
components, in accordance with the present invention, that are dynamically 
configurable for performing data processing operations in accordance with a selected 
15 one of a plurality of communications signal transmission operating modes. 

DETAILED DESCRIPTION OF THE INVENTION 
The inventive power line communications ("PLC") transmitter and/or receiver 
device includes a physical communications protocol layer module that provides for 
dynamic, and preferably automatic, selection of a communications signal transmission 
20 operating mode in view of PLC network transmission parameters and the 
communications protocol profile requirements for the network. 

For purposes of highlighting the features of the present invention, an 
exemplary, prior art PLC system 10, as shown in FIG. 1 and which includes a PLC 
transmitter 12 coupled to a PLC receiver 14 via a PLC network 16 that includes 
25 conventional electric power wires, is initially described. Each of the PLC transmitter 
12 and the PLC receiver 14 contains conventional physical communications protocol 
layer components including standard OFDM functional blocks, which are well known 
in the art. Referring to FIG. 1 , the PLC transmitter 12 includes a forward error 
correction ("FEC") encoder module 20, a data mapping module 21 , a serial to parallel 
30 conversion: module 22 and an m number of points inverse fast fourier transform 

("IFFT") module 23 connected to each other in the recited sequence. The module 23 
generates a plurality of frequency carrier data signals 24, which carry transmission 
data or overhead data, and the signals 24 are routed into a parallel to serial 
transmission symbol creation module 25 and a cyclic prefix module 26. The symbol 
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creation module 25 and the cyclic prefix moduie 26 are connected througli'a PLC 
interface (not shown) to the PLC network 16. 

Referring again to FIG. 1 , the PLC receiver 14 includes a serial to parallel 
symbol detection module 30 connected through a PLC interface (not shown) to the 
5 PLC network 16. The module 30 separates the data contained within the transmitted 
symbol and cyclic prefix based on the frequency of the carrier signal 31 on which the 
data was carried, and forwards the respective carrier signals to the fast fourier 
transform ("FFT") module 32. The PLC receiver 14 further includes equalization 
modules 33, a parallel to serial data conversion module 34, a de-mapping module 35 

10 and an FEC decoder module 36 connected to each other in the recited sequence. 
The above-described PHY layer modules of the PLC transmitter 12 and the PLC 
receiver 14 perform functions consistent with a typical, prior art OFDM system where 
only a single communications signal transmission operating mode corresponding to a 
specific transmission data structure is available for use in transmitting communications 

15 data on carrier signals over the PLC network 16. 

In accordance with the present invention, an exemplary PLC system 100, as 
shown in FIG. 2, includes a PLC transmitter 112 and a PLC receiver 114 where each 
of the transmitter 112 and receiver 114 contains physical communications protocol 
components that provide for selection of a communications signal transmission 

20 operating mode from a plurality of communications signal transmission operating 
modes that respectively correspond to a transmission data structure defined in 
accordance with power line network operating characteristics and communication 
protocol requirements. Referring to FIG. 2, the PLC transmitter 1 12 is coupled to the 
PLC receiver 1 14 via a PLC network 16 comprising conventional electric power lines 

25 and wires. As discussed in detail below, the configuration and parameters of the 

functional blocks in the inventive PLC transmitter 112 and the inventive PLC receiver 
114 provide that multiple modes of PLC comrhunications signal transmission 
operation are available and that the PHY components within the PLC transmitter and 
PLC receiver are dynamically configurable to perform data processing operations 

30 based on the selected mode. The PLC devices 112 and 1 14, in accordance with the 
present invention, can be suitably designed, such as by use of modular hardware and 
reprogrammable software, to provide for dynamic, and preferably automatic, selection 
among any plurality of communications operating modes, as desired, at the physical 
communications protocol layer. 
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Referring to FIG. 2, the transmitter 112 includes a communications operating 
mode selection module 154 that couples inverse fourier transform fIDFT") module 
153 to symbol creation module 125 and cyclic prefix module 126, where the modules 
153, 125 and 126 support multiple modes of communications operation and are 
5 dynamically configurable to perform data processing operations based on the mode 
selected at the module 154. In addition, the receiver 114 includes a communications 
operating mode selection module 161 that couples a serial to parallel symbol 
detection module 130 to a fourier transform ("DPT") module 164, where the modules 
130, 161 and 164 support multiple modes of communications operation and are 

10 dynamically configurable to perform data processing operations based on the mode 
selected at the module 161. 

In a preferred embodiment, an FEC encoder module 120, a mapping module 
121 and a serial to parallel data conversion module 122, which are connected to each 
other in the recited sequence in the PLC transmitter 114 and where the module 122 is 

15 coupled to the IDFT module 153, are dynamically, and preferably automatically, 
configurable to perform data processing based on the communications operating 
mode selected at the IDFT module 153. Further, an equalization module 133, a 
parallel to serial data conversion module 134, a demapping module 135 and a FED 
decoder module 136, which are connected to each other in the recited sequence in 

20 the PLC receiver 1 14 and where the module 133 is coupled to the DFT module 164, 
are dynamically, and preferably automatically, configurable to perform data processing 
operations based on the communications operating mode selected at the module 161 . 
For example, each of the IDFT module 153 and DFT module 164 can be reconfigured 
to change its size or number of points (the m value), as well as its frequency of 

25 operation, based upon, for example, the available frequency band of a particular 
network or region or the operating network characteristics. In addition, the IDFT 
module 153 and DFT module 164 can increase their size and frequency to provide 
additional bandwidth for data communication on networks or at times when it is 
possible, and can then be reconfigured back to standard parameters for legacy 

30 operations, or to communicate with legacy devices. 

In a further preferred embodiment, the FEC encoder 120 and the FEC decoder 
136 can be reconfigured to perform Reed-Solomon and Convolutional coding when a 
standard or legacy mode of operation is selected, and also be configured to perform 
data processing operations in accordance with another selected mode of operation 
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that includes Reed-Solomon and Trellis coding, which would be used in noisier or 
more dynamic networks where additional error correction is required or where different 
coding methods yield better results. 

In a preferred embodiment, the PHY modules in the PLC transmitter 1 12 and 
5 the PLC receiver 114 include a communications operating mode selection functionality 
that can be set based upon pre-configuration, boot-up or run-time parameters. In 
addition, factors such as geographic location, existent network type and typology or 
run-time analysis of the operating network can be used to determine the operating 
mode. 

10 In a further embodiment, the mode selection is based on control signals 

provided by an external processor, such as a PC for example (not shown), that is 
connected to the PHY layer modules of the inventive PLC transmitter and/or receiver 
devices, or can be based on the processing of network response characteristics 
calculated from transmitted and received signal data provided to the inventive PLC 

1 5 device. Based on the control signals, the PLC transmitter 112 automatically selects 
one of a plurality of communications operating modes corresponding to a specific 
transmission data structure for use in transmitting communications data on carrier 
signals over the PLC network 1 6, and the PLC receiver 1 14 also operates in 
accordance with the selected mode. Each of the modes defines transmission 

20 parameters for the data transmission structure, such as preamble length, symbol 

length, size of the transmission block, number carriers available for transmission and 
frequency bandwidth per carrier. 

In the preferred illustrated embodiment, the processor connected to the PHY 
layer modules of the inventive PLC transmitter and/or receiver device can 

25 automatically and dynamically select between two communications operating modes 
to maximize use of available bandwidth on the PLC network. In a preferred 
embodiment, the PLC transmitter 112 and receiver 114 provide for selection of 
communications operating modes corresponding to either the wavelet-like filtered- 
band OFDM or FFT OFDM transmission data structure, or the conventional FFT- 

30 based OFDM communications transmission data structure. 

In a preferred embodiment, the selection modules 154 and 161 include 
processing blocks that perform wavelet-like function processing when the PHY layer 
of the PLC transmitter and PLC receiver, respectively, are configured to operate in 
that mode. Further, as in the preferred embodiment illustrated in FIG. 2, the selection 
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modules 154 and 161 include dedicated signal paths for bypassing wavelet 
processing blocks wlien the PLC devices operate in a normal or legacy 
communications operations mode. Depending upon the selected operating mode, the 
modules 154 and 161 operate to selectively insert or remove the cyclic prefix portion 
5 of the data transmission symbol for a data transmission structure. 

In a preferred embodiment, the processor selects the wavelet-like mode where 
the electric power distribution network on which the PLC device is installed is relatively 
small in size, such as existing in a residential community, or not likely to experience 
high levels of reflections of communications signals that result from multi-path fading. 

10 When the PLC device 112 performs communications operations in accordance with 
the wavelet-like mode, the processor transmits control data to the modules 125 and 
126 that causes omission of the cyclic prefix from the transmission data block, thereby 
obtaining the highest throughput on the PLC network. As well known in the art, a PLC 
system operating using the filtered-band OFDM communications mode performs at 

15 satisfactory levels only when the length of a multi-path reflection is about 10% of the 
symbol length of a transmission data block. 

In a preferred embodiment, when the processor selects the conventional FFT- 
based OFDM communications operations mode, the wavelet processing blocks of the 
selection modules 154 and 161 are not used and, instead, the bypass paths are used, 

20 as shown diagrammatically in the preferred embodiment illustrated in FIG. 2. The 
conventional FFT-based OFDM mode is preferable for large scale power distribution 
networks, or a PLC network where the Impulse response length Is longer than 1 0% of 
the symbol length. In the conventional OFDM mode, the processor provides control 
data to the modules 126 and 126 so that the module 126 inserts a cyclic prefix at the 

25 beginning of the symbol. 

In a preferred embodiment, the processor external to, or within the PLC 
transmitter device 112, continuously and automatically selects, or attempts to select, a 
mode for the transmission data structure to maximize use of the bandwidth available 
on the PLC network. In still a further preferred embodiment, the processor external to, 

30 or within the PLC transmitter device 112, analyzes power line network characteristics 
data continuously provided thereto through the PHY layer operation and continues to 
monitor the network performance for the available modes so that a specific mode is 
selected or the specifically selected mode can be further optimized In view of the 
network characteristics. 
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In a preferred embodiment, the selection module 154 of the PLC transmitter 
112 selects an operating mode based on the size of a symbol corresponding to an 
identified communications connection oriented profile. This selection capability 
improves channel utilization efficiency as smaller and, therefore shorter, symbols can 
5 be selected for intolerable channel conditions for small payloads, such as voice codec 
packets. 

Although preferred embodiments of the present invention have been described 
and illustrated, it will be apparent to those skilled in the art that various modifications 
may be made without departing from the principles of the invention. 
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